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PHOTORESIST 



(57) A polymeric compound for photoresist of the 
present invention includes a monomer unit having 2, 
6-dioxabicyclo [3.3.0] octane skeleton in the structure. 
The monomer unit having 2,6-dioxabicyclo[3.3.0]octane 
skeleton includes a monomer unit represented by the 
following Formula (I) : 



-ecH 2 -c-)- 

C = 0 



CO 

OH 



(I) 



wherein R is a hydrogen atom or a methyl group. The 
polymeric compound for photoresist may include a mon- 
omer unit having 2, 6-dioxabicyclo [3.3.0] octane skele- 
ton, a monomer unit having a group of adhesion to sub- 
strate, and a monomer unit having an acid-eliminating 
group. The polymeric compound for photoresist of the 
present invention exhibits not only adhesion to sub- 
strate, acid-eliminating property and resistance to dry- 
etching but also has well-balanced solubility in solvents 
for photoresist and alkali-soluble property. 
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Description 
Technical Field 

5 [0001] The present invention relates to a polymeric compound for photoresist Tor use in microprocessing of semi- 
conductor lo a resin composition for photoresist containing the polymeric compound : and to a process For producing 
a semiconductor 

Background Art 

10 

[0002] A photoresist resin used in a process for producing a semiconductor is in need of a part exhibiting adhesion 
to substrate such as silicon wafers and a part becoming soluble in an alkali-developer by being eliminated by action 
of an acid generated from a photosensitive acid generator with exposure. Further, a photoresist resin is in need of 
having resistance to dry etching. 

15 [0003] In Japanese Unexamined Patent Application Publications No. 2000-026446, an alicyciic hydrocarbon skeleton 
having a lactone skeleton is described as a structure which gives adhesion to a substrate and has resistance to dry- 
etching. Further, in Japanese Unexamined Patent Application Publications No. 1 997-0731 37, an alicyciic hydrocarbon 
skeleton having a tertiary carbon atom is proposed as a structure which gives acid-eliminating property and has re- 
sistance to dry-etching. Therefore, co-polymerizing monomers having such two skeletons can provide a polymer inte- 

20 grating functions needed for a photoresist resin. The co-polymer has adhesion to substrate, acid-eliminating property 
and resistance to dry-etching, but its polarity is so low because of having an alicyciic hydrocarbon skeleton that the 
co-polymer is hard to dissolve in a photoresist solvent and in an alkali-developer after exposure, and other problems 
can be occurred. Such properties of co-polymer are out of balance as a photoresist resin. 

25 Disclosure of Invention 

[0004] An obj ect of the present invention is to provide a polymeric compound for photoresist which exhibits not only 
adhesion to substrate, acid-eliminating property and resistance to dry-etching but also has well-balanced solubility in 
solvents for photoresist and alkali-soluble property, and a resin composition for photoresist containing the polymeric 

30 compound for photoresist. 

[0005] Another object of the present invention is to provide a polymeric compound for photoresist, a resin composition 
for photoresist and a process for producing a semiconductor which can accurately form a fine pattern. 
[0006] The present inventors made intensive investigations to find that a polymeric compound for photoresist which 
exhibits not only adhesion to substrate, acid-eliminating property and resistance to dry-etching but also has well-bal- 

35 anced solubility in solvents for photoresist and alkali-soluble property can be obtained by using a monomer having a 
specific structure as a co-monomer for a polymeric compound for photoresist. The present invention has been achieved 
based on these findings. 

[0007] Specifically, the present invention provides a polymeric compound for photoresist, including a monomer unit 
having 2 : 6-dioxabicyclo[3.3.0]octane skeleton in the structure. 
40 [0008] A typical example of the monomer unit having 2,6-dioxabicyclo[3.3.0]octane skeleton is a monomer unit rep- 
resented by the following Formula (I): 

R 

45 -ecH 2 -c^- 



50 




OH 

55 

wherein R is a hydrogen atom or a methyl group. 

[0009] The polymeric compound for photoresist includes a polymeric compound comprising a monomer unit having 
2 ,6-dioxabicyclo [3.3.0]octane skeleton, a monomer unit having a group of adhesion to substrate, and a monomer unit 
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having an acid-eliminating group. 

[0010] Alternatively, the polymeric compound for photoresist includes a polymeric compound including (A) a mono- 
mer unit having 2,6-dioxabicyclo[3.3.0]octane skeleton, (B) a monomer unit corresponding to a (meth)acrylic acid ester 
wherein an alicyclic hydrocarbon group having 6 to 20 carbon atoms including a lactone ring is combined with an 
oxygen atom constituting the ester, and (C) a monomer unit corresponding to a (meth) acrylic acid ester having an 
alicyclic hydrocarbon group having 6 to 20 carbon atoms and a group which can leave by action of an acid. 
[0011] In addition, the polymeric compound for photoresist includes a polymeric compound including (A) a monomer 
unit having 2.6-dioxabicyclo[3.3.0]octane skeleton, (B1 ) at least one selected from monomer units represented by the 
following Formulae (Ha) thorough (lie): 



10 



15 



20 




(Ha) 



-(-CH 2 -C4- 




R 
l 



-f CHo-C-)- -f CHo-C-}- 



C=0 





25 



R 

-*-CH 2 -C^- 
C=0 




(He) 



wherein R is a hydrogen atom or a methyl group; R 1 , R 2 and R 3 are identical to or different from and are each a 
hydrogen. atom, an alkyl group, a hydroxy I group which may be protected by a protecting group, a hydroxyalkyl group 

45 which may be protected by a protecting group or a carboxy! group which may be protected by a protecting group, and 
each of V 1 , V 2 and V 3 are identical to or different from and are each -CH 2 -, -CO- or -COO-, where at least one of V 1 , 
V 2 and V 3 is -COO-; R 4 R 5 , R 6 , R 7 and R 8 are identical to or different from and are each a hydrogen atom, an alkyl 
group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which may be protected 
by a protecting group or a carboxyl group which may be protected by a protecting group; each of R 9 , R 10 , R 11 , R 12 , 

so r13 : r14 Ris t r16 anc j r17 are identical to or different from and are each a hydrogen atom, an alkyl group, a hydroxyl 
group which may be protected by a protecting group, a hydroxyalkyl group which may be protected by a protecting 
group or a carboxyl group which may be protected by a protecting group; each of R 18 , R 19 , R 20 , R 21 , R 22 , R 23 , R 24 , 
R 25 and R 26 are identical to or different from and are each a hydrogen atom, an alkyl group, a hydroxyl group which 
may be protected by a protecting group, a hydroxyalkyl group which may be protected by a protecting group or a 

55 carboxyl group which may be protected by a protecting group, and (C1) at least one monomer unit selected from among 
a monomer unit represented by the following Formulae (Ilia) through (lllc): 
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10 I 7 \ v — ^\/ D 30 




R 

-eCH 2 -C4- 
I 

c=o 



(R' u ) n 



(Ilia) (Illb) (IIIc) 



15 wherein a ring Z is an alicyclic hydrocarbon ring of 6 to 20 carbon atoms; R is a hydrogen atom or a methyl group; 
each of R 27 , R 28 and R 29 are identical to or different from and are each an alkyl group of 1 to 6 carbon atoms; R 30 
which is a group bound to the ring Z is identical to or different from an oxo group, an alkyl group, a hydroxy! group 
which may be protected by a protecting group, a hydroxyalkyl group which may be protected by a protecting group or 
a carboxyl group which may be protected by a protecting group where least one of nR 30 s is a group of -COOR a , wherein 

20 the R a is a tertiary hydrocarbon group which may have a substituent, a tetrahydrofuranyl group, a tetrahydropyranyl 
group or an oxepanyl group; n denotes an integer of 1 to 3. 

[0012] Further, the present invention provides a resin composition for photoresist, including at least the polymeric 
compound for photoresist and a photosensitive acid generator. 

[0013] In addition, the present invention provides a process for fabricating a semiconductor, the process comprising 
25 the steps of applying the resin composition for photoresist to a base or a substrate to form a resist film, exposing, 
developing and thereby patterning the resist film. 

[001 4] The polymeric compound for photoresist of the present invention exhibits not only adhesion to substrate, acid- 
eliminating property and resistance to dry-etching but also well-balanced solubility in solvents for photoresist and alkali- 
soluble property because it includes a monomer unit having a specific structure. Therefore, by using a resin composition 
30 for photoresist containing the polymeric compound for production of a semiconductor, a fine pattern can be accurately 
formed. 

[0015] In the present description, the terms "acrylic" and "meth aery lie" may generically be referred to as "(meth) 
acrylic", and the terms "acryloyl" and "methacryloyl" may generically be referred to as " (meth) acryloyl". Further, as 
the protecting groups each of a hydroxyl group, a carboxyl group and others, those conventionally used in the field of 
35 organic synthesis can be used. 

Best Mode for Carrying Out The Invention 

[0016] The polymeric compound for photoresist of the present invention comprises a monomer unit having 2,6-di- 

40 oxabicyclo[3.3.0]octane skeleton in the structure of polymer. By introducing such a monomer unit into the structure of 
polymer, even if a low-polarity monomer is used as a monomer unit which provides properties such as adhesion to 
substrate, acid-eliminating property and resistance to dry-etching, a solubility of the polymer in a photoresist solvent 
and a solubility in alkali-developer can be improved without spoiling the properties. Therefore, a preparation of pho- 
toresist resin composition and a production of semiconductor can be performed smoothly with ease of operation. 

45 [0017] 2, 6-dioxabicyclo [3. 3. 0] octane skeleton may be bound to a principle chain directly or via an appropriate 
linkage group. The linkage group includes, for example, an ester group (-COO-), an amide group (-CONH-), a ether 
bond (-O-), a carbonyl group (-CO-), an alkylene group (methylene, ethylene, propylene, a trimethylene group, and 
other linear or branched-chain alkylene groups each having 1 to 6 carbon atoms) and groups comprising two or more 
of these groups combined with each other. 

so [0018] 2,6-dioxabicyclo[3.3.0]octane skeleton may have a substituent. Examples of the said substituent are an oxo 
group, an alkyl group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which 
may be protected by a protecting group, and a carboxyl group which may be protected by a protecting group. The alky! 
group includes, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, hexyl, octyl, decyl, dodecyl, 
and other linear or branched-chain alkyl groups each having 1 to 13 carbon atoms, of which C V C 4 alkyl groups are 

55 preferred. The hydroxyl group which may be protected by a protecting group includes, for example, a hydroxyl group, 
a substituted oxy group (e.g., methoxy, ethoxy, propoxy, and other C r C 4 alkoxy groups) and others. The hydroxyalkyl 
group which may be protected by a protecting group are groups bound to the hydroxyl group which may be protected 
by a protecting group via alkylene groups each having 1 to 6 carbon atoms and so on. The carboxyl group which may 
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be protected by a protecting group includes a -COOR b group and others. The said R b is a hydrogen atom or an alkyl 
group, and the alkyl group includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, hexyl, and other 
linear or branch ed-chain alkyl groups each having 1 to 6 carbon atoms and so on. Preferred substituents 2,6-dioxabi- 
cyclo[3.3.0]octane skeleton may have are specifically a hydroxyl group which may be protected by a protecting group, 
5 a hydroxyalkyl group which may be protected by a protecting group and so on. 

[0019] A typical example of the monomer unit having 2,6-dioxabicyclo[3.3.0]octane skeleton includes a monomer 
unit (a repeating unit) represented by the above Formula (I). 

[0020] In a polymeric compound for photoresist of the present invention, a polymeric compound comprising a mon- 
omer unit having 2, 6-dioxabicyclo [3.3.0] octane skeleton, a monomer unit having a group of adhesion to substrate, 
10 and a monomer unit having a acid-eliminating group have exceedingly well-balanced adhesion to substrate, acid- 
eliminating property, resistance to dry-etching, solubility in resist solvents, and alkali-solubility. Therefore, by producing 
semiconductor by using a photoresist resin composition containing such polymeric compound, a fine pattern can be 
accurately formed. 

[0021] A monomer unit having a group of adhesion to substrate, it isn' t particularly limited as long as they exhibits 

15 adhesion to substrate such as a silicon wafer, for example, a monomer unit (constitutional repeating unit in polymeri- 
zation at the site of carbon-carbon double bond) corresponding to a (meth) acrylic acid ester where an alicyclic hydro- 
carbon group each having 6 to 20 carbon atoms and including lactone ring [e.g., a group having a structure comprising 
a lactone ring and mono- or poly- (bridged) alicyclic carbon ring condensed thereto] is bound to an oxygen atom con- 
stituting an ester bond, and others. Typical examples of such monomer unit are units represented by the above For- 

20 mulae (lla), (Mb), (lie), (lid) and (lie) . 

[0022] Further, as a monomer unit having a group of adhesion to substrate, a monomer unit (constitutional repeating 
unit in polymerization at the site of carbon-carbon double bond) corresponding to a (meth)acryiic acid ester where y - 
butyrolactone ring or 5-valerolactone ring is bound to an oxygen atom constituting the ester bond can be also used. 
In addition, as a monomer unit having a group of adhesion to substrate, a monomer unit (constitutional repeating unit 

25 in polymerization at the site of carbon-carbon double bond) corresponding to a (meth) acrylic acid ester where a hy- 
drocarbon group having a polar substituent is bound to an oxygen atom constituting the ester bond can be used, too. 
"The hydrocarbon group having a polar substituent" includes a hydroxyl group, an oxo group, a carboxyl group, an 
amino group, a sulfonic acid group, a substituted oxy group (e.g., methoxy, ethoxy, propoxy, and other C r C 4 alkoxy 
groups), and other hydrocarbon groups each having polar groups of one or more, preferably from about 1 to about 3 

30 [e.g., C^Cgo aliphatic hydrocarbon groups, alicyclic hydrocarbon groups each having 3 to 20 membered mono- or 
poly-rings (bridged ring), aromatic hydrocarbon groups, and hydrocarbon group combined with plural these groups via 
a linkage group such as an oxygen atom, an ester bond, an amide bond or not]. The said polar group may be protected 
by a protecting group. 

[0023] Monomer units having an acid-eliminating group are not specifically limited, as long as they leave by action 
35 of an acid generated from a photosensitive acid generator by exposure to exhibit solubility in alkali developer, for 
example, a monomer unit (constitutional repeating unit in polymerization at the site of carbon-carbon double bond) 
corresponding to (meth) acrylic acid ester having an alicyclic hydrocarbon group having 6 to 20 carbon atoms and also 
having a group which can leave by action of an acid. "The (meth) acrylic acid ester having an alicyclic hydrocarbon 
group having 6 to 20 carbon atoms and also having a group which can leave by action of an acid" includes (meth) 
40 acrylic acid esters each having an alicyclic hydrocarbon group having 6 to 20 carbon atoms and also having a tertiary 
carbon atom at the bonding site with the oxygen atom constituting an ester bond of the (meth)acrylic acid ester. The 
said alicyclic hydrocarbon group may be bound to an oxygen atom constituting an ester bond of (meth)acrylic acid 
ester directly or via a linkage group such as an alkylene group. The said alicyclic hydrocarbon group each having 6 to 
20 carbon atoms may be a mono-cyclic hydrocarbon group or a poly-cyclic (bridged-cyclic) hydrocarbon group. Typical 
45 examples of the monomer unit corresponding to such (meth)acrylic acid esters are units represented by the said For- 
mulae (Ilia) and (1Mb). 

[0024] In addition, "the (meth)acrylic acid ester having an alicyclic hydrocarbon group having 6 to 20 carbon atoms 
and also having a group which can leave by action of an acid" further includes (meth)acrylic acid esters each having 
an alicyclic hydrocarbon group having 6 to 20 carbon atoms and also having -COOR a group, wherein R a is a tertiary 

50 hydrocarbon group which may have a substituent, a tetrahydrofuranyl group, a tetrahydropyranyl group or an oxepanyl 
group, bound to the hydrocarbon group directly or via a linkage group. The tertiary hydrocarbon group in R a of the 
-COOR a group includes, for example, t-butyl, t- amyl, 2-methyl-2-adamantyl, (1 -methyl-1 -adamantyl)ethyl group, and 
others. The substituent the tertiary hydrocarbon group may have includes, for example, a halogen atom, an alkyl group 
(e.g., a C 1 -C 4 alkyl group and others), a hydroxyl group which may be protected by a protecting group, an oxo group, 

55 a carboxyl group which may be protected by a protecting group and so on. Further, the tetrahydrofuranyl group in R a 
includes a 2-tetrahydrofuranyl group, the tetrahydropyranyl group includes a 2-tetrahydropyranyl, and the oxepanyl 
group includes a 2-oxepanyl group. The linkage group includes an alkylene group (e.g., a linear or branched-chain 
alkyl groups each having 1 to 6 carbon atoms and so on). The said alicyclic hydrocarbon group may be bound to an 
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oxygen atom constituting an ester bond of (meth)acrylic acid ester directly or via a linkage group such as an alkylene 
group. The said alicyclic hydrocarbon group each having 6 to 20 carbon atoms may be a mono-cyclic hydrocarbon or 
a poly-cyclic (bridged cyclic) hydrocarbon group. As typical examples of such monomer units, the monomer units 
represented by the Formula (lllc) are exemplified. 
5 [0025] Further as the repeating units each having an acid-eliminating group, a monomer unit (constitutional repeating 
unit in polymerization at the site of a carbon-carbon double bond) corresponding to a (melh) acrylic acid ester having 
a lactone ring, which have an oxygen atom constituting an ester bond combined with the rings at the beta-posiLion and 
at least one hydrogen atom at the alpha-position can also be used. 

[0026] A polymeric compound for photoresist of the present invention may include one or more repeating units having 
10 a group of adhesion to substrate and monomer units having an acid-eliminating group : respectively. 

[0027] A preferred feature of a polymeric compound for photoresist of the present invention includes (A) a monomer 
unit having 2,6-dioxabicyclo[3.3.0]octane skeleton [e.g., a monomer unit represented by the Formula (I)], (B) a mon- 
omer unit corresponding to a (meth) acrylic acid ester, where an alicyclic hydrocarbon group having 6 to 20 carbon 
atoms having a lactone ring is combined with an oxygen atom constituting the ester bond, and (C) a monomer unit 
15 corresponding to a (meth) acrylic acid ester having an alicyclic hydrocarbon group having 6 to 20 carbon atoms and 
a group which can leave by action of an acid. Each of the monomer units (A), (B) and (C) may be used alone or in 
combination, respectively. Such polymeric compound for photoresist is particularly well-balanced properties such as 
adhesion to substrate, acid-eliminating property, resistance to dry-etching, solubility to a resist solvent and alkali-sol- 
ubility. 

20 [0028] In the polymeric compound for photoresist, the proportions of monomer units (A), (B) and (C) can appropriately 
be selected according to its combinations. The proportion of the monomer unit (A) is usually from about 1 to about 
50% by mole, preferably from about 2 to about 40% by mole and more preferably from about 3 to about 30% by mole. 
The proportion of the monomer unit (B) is usually from about 1 to about 99% by mole, preferably from about 10 to 
about 95% by mole and more preferably from about 20 to about 85% by mole. The proportion of the monomer unit (C) 

25 is usually from about 1 to about 99% by mole, preferably from about 5 to about 80% by mole and more preferably from 
about 15 to about 70% by mole. The polymeric compound may include other monomer units in addition to monomer 
units (A), (B) and (C). 

[0029] Another preferred feature of a polymeric compound for photoresist of the present invention includes (A) a 
monomer unit having 2 : 6-dioxabicyclo[3.3.0]octane skeleton [e.g., a monomer unit represented by the Formula (I)], 

30 (B1) at least one monomer unit selected from the following Formulae (I la) through (lie), and (C1) at least one monomer 
unit selected from the following Formulae (Ilia) through (lllc). Such polymeric compound for photoresist are also ex- 
tremely well-balanced properties such as adhesion to substrate, acid-eliminating property, resistance to dry-etching, 
solubility to a resist solvent and alkali-solubility. In addition , it is useful to improve resistance to dry-etching of a polymeric 
compound for photoresist, because the monomer units represented by the Formulae (I la) through (Me) and the Formulae 

35 (|||a) through (lllc) have an alicyclic hydrocarbon ring. 

[0030] In the polymeric compound for photoresist, the proportion of monomer units (A). (B1) and (C1) can appropri- 
ately be selected according to each of combinations. The proportion of the monomer unit (A) is usually from about 1 
to about 50% by mole, preferably from about 2 to about 40% by mole and more preferably about 3 to about 30% by 
mole. The proportion of the monomer unit (B1) is usually from about 1 to about 99% by mole, preferably from about 

40 10 to about 95% by mole and more preferably from about 20 to about 85% by mole. The proportion of monomer unit 
(C1 ) is usually from about 1 to about 99% by mole, preferably from about 5 to about 80% by mole and more preferably 
from about 15 to about 70% by mole. The polymeric compound may include other monomer unit in addition to the 
monomer units (A), (B1) and (C1). 

[0031] In the Formulae (lla) through (lie), alkyl groups represented by R 1 through R 26 includes, for example, methyl, 
45 ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, hexyl, octyl, decyl, dodecyl group, and other linear or branched- 
chain alkyl group each having 1 to 13 carbon atoms. In these groups, alkyl groups each having 1 to 4 carbon atoms 
are preferred. As the hydroxyl group which may be protected by a protecting group, there may be mentioned, for 
example, a hydroxyl group, a substituted oxy group (e. g., methoxy, ethoxy, propoxy group, and other C,-C 4 alkoxy 
groups) and others. As the hydroxyalkyl group which may be protected by a protecting group, there may be mentioned 
50 a group combined with the said hydroxyl group which may be protected by a protecting group through an alkylene 
group having 1 to 6 carbon atoms and others. As the carboxyl group which may be protected by a protecting group, 
there may be mentioned a -COOR b group and others. The said R b is a hydrogen atom or an alkyl group, and the alkyl 
group includes, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl : hexyl group, and other 
linear or branched-chain alkyl groups having 1 to 6 carbon atoms. 
55 [0032] In the Formulae (Ilia) through (IIIC), an alicyclic hydrocarbon ring having 6 to 20 carbon atoms in the ring Z 
may be monocyclic or polycyclic rings such as condensed rings and bridged rings. As typical alicyclic hydrocarbon 
rings, there may be mentioned, for example, cyclohexane ring, cyclooctane ring, cyclodecane, adamantane ring, nor- 
bornane ring, norbornene ring, bornane ring, isobornane ring, perhydroindene ring, decalin ring, perhydrofluorene ring 



6 



JNSDOCID: <EP 1584634A1 J_> 



EP 1 584 634 A1 



(tricyclo[7. 4. 0.0 3 - 8 ]tridecane ring), perhydroanthracene ring, tricycle [5.2.1 .0 26 ] decane ring, tricyclo[4.2.2.1 2 * 5 ] unde- 
cane ring, tetracyclo [4.4.0.1 2 - 5 .1 7 - 10 ] dodecane ring and so on. The alicyclic hydrocarbon ring may have a substitute. 
The substituents include methyl group and other alkyl groups (e.g., a C r C 4 alkyl group and so on), chlorine atom and 
other halogen atoms, hydroxyl groups which may be protected by a protecting group, oxo group, carboxyl groups which 

5 may be protected by a protecting group. 

[0033] As alkyl groups having 1 to 6 carbon atoms represented by R 27 through R 29 in the Formulae (Ilia) and (lllb), 
there may be mentioned, for example, linear or branched-chain alkyl groups each having 1 to 6 carbon atoms, such 
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl and hexy! groups. As alkyl groups represented by R 30 
in the Formula (lllc), there may be mentioned, for example, a linear or branched-chain alkyl group each having about 

10 1 to about 20 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, hexyl, octyl, decyl 
and dodecyl group. Hydroxyl groups which may be protected by a protecting group, hydroxyalkyl groups which may 
be protected by a protecting group, carboxyl groups which may be protected by a protecting group and -COOR a groups 
presented by R 30 have the same as described above. 

[0034] The polymeric compound for photoresist of the present invention preferably has a solubility parameter (here- 
15 inafter, which may be called as "SP Value") as determined by the Fedors Method [Polym. Eng. Sci., 14, 147 (1974)] 
in a range from 9.5 (cal/cm 3 ) 1/2 to 1 2 (cal/cm 3 )^ [= from 1 9.4 MPa 1/2 to 24.5 MPa 1/2 ]. 

[0035] When a resist film is formed by applying a photoresist resin composition containing a polymeric compound 
having such solubility parameter in the above-specified range to a semiconductor substrate (a silicon wafer), the re- 
sulting resist film can satisfactorily adhere (be bonded) to the substrate and can be patterned with high resolution by 

20 alkaline development. If SP Value is lower than 9.5 (cal/cm 3 ) 1/2 [= 19.4 MPa 1/2 ], the resist film may exhibit decreased 
adhesion to the substrate, the patterned resist may be peeled off from the substrate during development and does not 
remain thereon; In addition, if SP Value is more than 12 (cal/cm 3 ) 1/2 [= 24.5 MPa 1 ' 2 ], the resin composition may be 
repelled by the substrate and cannot be significantly applied thereto. Further, the resin composition may have exces- 
sively high affinity for alkaline developing solutions and may exhibit deteriorated contrast between exposed portions 

25 and non-exposed portions to decrease resolution. The solubility parameter of a polymeric compound can be regulated 
by appropriately selecting monomers constituting the polymer (a solubility parameter of the monomer) and the com- 
positional proportions. 

[0036] Polymeric compound of the present invention has a weight average molecular weight (Mw) of, for example, 
from about 1, 000 to about 500,000, and preferably from about 3,000 to about 50, 000, and a molecular distribution 
30 (Mw/Mn) of, for example, from about 1 .5 to about 3.5, wherein Mn is a number average molecular weight, and both 
Mn and Mw are in terms of polystyrene. 

[0037] A polymeric compound for photoresist of the present invention can be produced by co-polymerizing a mixture 
of monomers corresponding to monomer units. Each of the monomer units represented by the Formulae (I), (lla) 
through (llg) and (Ilia) through (lllc) can be prepared by polymerizing a corresponding (meth) acrylic acid ester as a 
35 co-monomer. 

[Monomer unit of Formula (I)] 

[0038] Monomers corresponding to the monomer units of Formula (I) are represented by the following Formula (1 ). 
40 When these monomers include stereoisomer, each of these stereoisomers can be used alone or in combination. 



45 



50 




(1) 



OH 



55 



wherein R is a hydrogen atom or a methyl group. 

[0039] Typical examples of the compounds represented by Formula(1) are the following compounds: 



[1-1] 1,4:3,6-dianhydro-D-glycidol 2-(meth)acrylate (R-H orCH 3 ) 
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[1-2] 1 : 4.3 : 6-dianhydro-D-glycidol 5-(meth)acrylate (R=H or CH 3 ) [iscsorbido (meth)acrylate is a mixture of the 
said [1-1] and [1-2]] 

[1-3J 1,4:3 s 6-dianhydro-L«glycidol 2-(meth)acrylate (R=H or CH 3 ) 
[1-4] 1 : 4:3 ; 6-dianhydro-L-glycidol 5-(meth)acrylate (R=H or CH 3 ) 

[1-5] 1 : 4:3.6-dianhydro-D-mannitol (meth)acrylate (=isomannide (meth)acrylate)(R=H orCH 3 ) 
[1 -6] 1 , 4 : 3 : 6-dianhydro-L-manniLol (meth) acrylaLe (R=H or CH 3 ) 
[1-7] 1, 4 : 3, 6-dianhydro-D-indilol (melh) acrylale (R=H or CH 3 ) 
[1-8] 1, 4 : 3, 6-dianhydro-L-inditol (meth) acrylate (R=H or CH 3 ) 

[0040] A compound represented by Formula (1) can be obtained, for example, by reacting a corresponding 1,4: 
3,6-dianhydrohexytol (1 ,4:3 ; 6-dianhydro form of a sugar alcohol having 6 carbon atoms) (e.g., an isosorbide, an tso- 
mannido and so on) with a (mcth)acrylic acid or a reactive derivative according to a conventional esterification method 
using an acid catalyst or a catalyst for transesterification. 

[Monomer units of Formulae (lla) through (lie)] 

[0041] Monomers corresponding to the monomer units of Formulae (lla) through (lie) are presented by following 
Formulae (2a) through (2e), respectively. When these monomers include stereoisomers, each of the stereoisomers 
can be used alone or in combination. 




wherein R is a hydrogen atom or a methyl group. R 1 , R 2 and R 3 are identical to or different from and are each a 
hydrogen atom, an alkyl group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group 
which may be protected by a protecting group or a carboxyl group which may be protected by a protecting group. V 1 , 
V 2 and V 3 are identical to or different from and are each -CH 2 -, -CO- or -COO-. Specifically, at least one of V 1 , V 2 and 
V 3 is -COO-. R 4 , R 5 , R 6 , R 7 and R 8 are identical to or different from and are each a hydrogen atom, an alkyl group, a 
hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which may be protected by a 
protecting group or a carboxyl group which may be protected by a protecting group. R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 1 ^ 
R 16 and R 17 are identical to or different from and are each a hydrogen atom, an alkyl group, a hydroxyl group which 
may be protected by a protecting group, a hydroxyalkyl group which may be protected by a protecting group or a 
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carboxyl group which may be protected by a protecting group. R 18 , R 19 , R 20 , R 21 , R 22 , R 23 , R 24 , R 25 and R 26 are 
identical to or different from and are each a hydrogen atom, an alkyl group, a hydroxy! group which may be protected 
by a protecting group, a hydroxyalky! group which may be protected by a protecting group or a carboxyl group which 
may be protected by a protecting group. 
5 [0042] Typical examples of the compounds represented by the Formula (2a) are, but are not limited to, the following 
compounds: 

[2-1] 1-(meth)acryloyloxy-4-oxoadamantane (R=H or CH 3 , R 1 =R 2 =R 3 =H, V 1 =-CO, V 2 =V 3 =-CH 2 -) 
[2-2] 1-(meth)acryloyloxy-4-oxatricyclo[4.3.1.1 3 - 8 ] undecane-5-one (R=H orCH 3 , Ri=R2=R3=H, V^-CO-O- where 
10 the left side of the group faces a carbon atom with which R 2 is combined, V 1 =V 3 =-CH 2 -) 

[2-3] 1-(meth)acryloyloxy-4,7-dioxatricyclo[4.3.1.1 3 ' 9 ]dodecane-5,8-dion (R=H orCH 3 , R1=R2=R3=h, V 1 =-CO-0- 
where the left side of the group faces a carbon atom with which R 1 is combined, V 2 =-CO-0- where the left side of 
the group faces a carbon atom with which R 2 is combined, V 3 =-CH 2 -) 

[2-4] l^methJacryloyloxy^.S-dioxatricyclo^.S.l.lS.^dodecane-Sy-dion (R=H or CH 3 , R^R^R^H, V 1 =-0-CO- 
15 where the left side of the group faces a carbon atom with which R 1 is combined, V 2 =-CO-0- where the left side of 

the group faces a carbon atom with which R 2 is combined, V 3 =-CH 2 -) 

[2-5] l-tmethJacryloyloxy-By-dioxatricyclo^.S.l.ls^dodecane^.S-dion (R=H or CH 3 , R 1 =R 2 R 3 =H, V 1 =-CO-0- 
where the left side of the group faces a carbon atom with which R 1 js combined, V 2 =-0-CO- where the left side of 
the group faces a carbon atom with which R 2 is combined, V 3 =-CH 2 -) 

20 

[0043] Compounds represented by Formula (2a) can be obtained, for example, by reacting a corresponding cyclic 
alcohol derivative with a (meth)acrylic acid or a reactive derivative thereof according to a conventional esterification 
method using an acid catalyst or a catalyst for transesterification. 

[0044] Typical examples of the compounds represented by the Formula (2b) are, but are not limited to, the following 
25 compounds: 

[2-6] S-CmethJacryloyloxy-S-oxatricyclo^^.l.r^.sjnonane^-one (=5-(meth)acryloyloxy-2,6-norbomanecarbolac- 
tone) (R=H or CH 3 , r4 = r5 =R 6 =R 7 =R 8 =H ) 

[2-7] S-CmethJacryloyloxy^-methyl-S-oxatricyclo^^.l.O 4 - 8 ] nonane-2-one (R=H or CH 3 , R 4 =CH 3 , 

30 R 5 =R 6 =R 7 ==R 8 = H) 

[2-8] 5-(meth)acryloyloxy-1-methyl-3-oxatricyclo[4.2.1.0 48 ] nonane-2-one (R=H or CH 3 , R 5 =CH 3 , 

R 4 =R 6 =R 7 =R 8 =H ) 

[2-9] 5-(meth)acryloyloxy-9-methyl-3-oxatricyclo[4.2.1.0 4 - 8 ] nonane-2-one (R=H or CH 3 , R 6 =CH 3 , 

R 4 =R S =R 7 =R 8 =H ) 

35 [2-10] 5-(meth)acryloyloxy-9-carboxy-3-oxatricyclo[4.2.1.0 4 ' 8 ] nonane-2-one (R=H or CH 3 , R 4 =R 5 =R 7 =R 8 =H, 

R 6 =COOH) 

[2-11] 5-(meth)acryloyioxy-9-methoxycarboxy-3-oxatricyclo [4.2. 1.0 4 ' 8 ] nonane-2-one (R=H or CH 3 , 
R 4 =R 5 =R 7 =R 8 == |_|, R 6 = methoxycarbonyl group) 

[2-12] 5-(meth)acryloyloxy-9-ethoxycarboxy-3-oxatricycio [4.2. 1.0 4 . 8 ] nonane-2-one (R=H or CH 3 , 
40 R 4 =R 5 =R 7 =R 8 = h, R 6 = ethoxycarbonyl group) 

[2-13] 5-(meth)acryloyloxy-9-t-butoxycarboxy-3-oxatricyclo [4.2.1 .0 4 « 8 ] nonane-2-one (R=H or CH 3 , 
r4-r5-r7_ R 8-h, R 6 = t-butoxycarbonyl group) 

[0045] Compounds represented by Formula (2b) can be obtained, for example, by reacting a corresponding cyclic 
45 alcohol derivative with a (meth)acrylic acid or a reactive derivative according to a conventional esterification method 
using an acid catalyst or a catalyst for transesterification. Then, cyclic alcohol derivatives used as a raw material in the 
process can be obtained, for example, by subjecting a corresponding 5-norbornene-2-carboxylic acid derivative or an 
ester thereof , a peracid including acetic peracid and m-chlorobenzoic peracid or a peroxide including hydroperoxide, 
hydroperoxide with tungsten oxide, and a metallic compound such as tungstic acid to reaction such as epoxidation or 
so ring forming reaction. 

[0046] Typical examples of the compounds represented by the Formula (2c) are, but are not limited to, the following 
compounds: 

[2-14] 8-(meth)acryloyloxy-4-oxatricyclo[5.2.1.0 2 - 6 ]decan-5-one (R=H or CH 3 ) 
55 [2-15] 9-(meth)acryloyIoxy-4-oxatricyclo[5.2.1 .0 2 - 6 ]decan-5-one (R=H or CH 3 ) 

[0047] Compound represented by Formula (2c) can be obtained, for example, by reacting a corresponding cyclic 
alcohol derivative with a (meth)acrylic acid or a reactive derivative according to a conventional esterification method 
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using an acid catalyst or a calaiyst for transesterification. 

[0048] Typical examples of the compounds represented by the Formula (2d) are, but are not limited to., the following 
compounds: 

5 [2-16] 4-(meth)acry!oyloxy-5-oxabicyclo[3.2.1]octane-7-one (R=H or CH 3 . R9=R 1 °=R11 = R12 =R 13 =R 14 =R 15 =R 16 = 

R 17 -H) 

[2-17]4-(meth)acryloyloxy-4-methyi-6-oxabicyclo[3.2.1]oclane-7-one (R=H or CH 3 . R 10 =R 11 = R 12 =R 13 =R 14 =R" I5 = 
R 15 =R 17 =H; r9 =CH3) 

[2-18] 4-(meth)acryloyloxy-5-methyl-6-oxabicyclo[3.2.1]octane-7-one (R=H or CH 3 . R9=R11=R12 = R13 = R14 =R 15 = 
10 R 16^ R 17^ H> R10 =C H 3 ) 

[2-19] 4-(meth)acryloyloxy-4 : 5-dimethyl-6-oxabicyclo[3.2.1]octane-7-one (R=H or CH 3 , R11=R12 =R 13 =R 14 =:R 15 = 

R1S =R 17 =H> R 9 =R 10 =C H 3 ) 

[0049] Typical examples of the compounds represented by the Formula (2e) are, but are not limited to : the following 
15 compounds: 

[2-20]6-(meth)acryloyloxy-2-oxabicyclo[2.2.2]octane-3-one(R=H orCH 3 , R18=R19=R20 =R 21 =R 22 =R 23 =R 24 =R 25 = 
R 26 =H) 

[2-21] 6-(meth)acryloyloxy-6-methyl-2-oxabicyclo[2.2.2]octane-3-one (R=H orCH 3 . R18=R20 =R 21 =R 22 =R 23 =R 24 = 

20 R 25 ==R 26 =Hj R 19 =CH3 ) 

[2-22] 6-(meth)acryloyloxy-1-methyl-2-oxabicyclo[2.2.2]octane-3-one (R=H orCH 3 , R19=R20=r21 =R 22 =R 23 =R 24 = 
R 25 =R 26 =H> R18 = ch 3 ) 

[2-23] 6-(meth)acryloy!oxy-1 ,6-dimethyl-2-oxabicyclo[2.2.2]octane-3-one (R=H or CH 3 , R20 =R 21 =R 22 =R 23 =R 24 = 

R 25 =R 26 =Hj R 18 =R 19 =C H 3 ) 

25 

[0050] Each of the compounds represented by Formulae (2d) and (2e) can be obtained, for example, by reacting a 
corresponding cyclic alcohol derivative with a (meth)acrylic acid or a reactive derivative according to a conventional 
esterification using an acid catalyst or a catalyst for transesterification. 

30 [Monomer units represented by the Formulae (Ilia) through (I lie)] 

[0051] Monomers corresponding to monomer units represented by the said Formulae (Ilia) through (II Ic) are shown 
by the following Formulae (3a) through (3c). When these monomers include stereoisomers, each of the stereoisomers 
can be used alone or in combination as a mixture. 



40 



45 




(3a) (3b) (3c) 



wherein ring Z is an alicyclic hydrocarbon ring having 6 to 20 carbon atoms which may have a substitute. R is a hydrogen 
atom or a methyl group. R 2 ? R28 anc j R 29 are identical to or different from and are each an alkyl group having 1 to 6 
carbon atoms. R 30 is a substituent which is combined with ring 2 and is identical to or different from an oxo group, an 
alkyl group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which may be 
protected by a protecting group or a carboxyl group which may be protected by a protecting group where at least one 
of nR 30 s is a group of -COOR a . The said R a is a tertiary hydrocarbon group which may have a substituent, a tetrahy- 
drofuranyl group, a tetrahydropyranyl group or an oxepanyl group, n denotes an integer of 1 to 3. 
[0052] Typical examples of the compounds represented by the Formula (3a) are, but are not limited to, the following 
compounds: 
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[3-1] 2-(meth)acryloyloxy-2-methyladamantane (R=H or CH 3 , R 27 =CH 3 , Z= adamantane ring) 

[3-2] 1-hydroxy-2-(meth)acryloyloxy-2-methyladamantane (R=H orCH 3 , R 27 =CH 3 , Z= adamantane ring having a 

hydroxy! group at 1 st position) 

[3-3] 5-hydroxy-2-(meth)acryloyloxy-2-methyladamantane (R=H or CH 3 , R 27 =CH 3 , Z= adamantane ring having a 
5 hydroxyl group at 5th position) 

[3-4] 1 1 3-dihydroxy-2-(meth)acryloyloxy-2-melhyladamantane (R=H or CH 3 , R 27 =CH 3 , Z= adamantane ring having 
hydroxyl groups at 1 st and 3rd positions) 

[3-5] 1 ,5-dihydroxy-2-(meth)acryloyloxy-2-methyladamantane (R=H orCH 3> R 27 =CH 3 , Z= adamantane ring having 
hydroxyl groups at 1st and 5th positions) 
10 [3-6] 1 ,3-dihydroxy-6-(meth)acryloyloxy-6-methyladamantane (R=H or CH 3 , R 27 =CH 3 , Z= adamantane ring having 

hydroxyl groups at 1st and 3rd positions) 

[3-7] 2-(meth)acryloyloxy-2-ethyladamantane (R=H or CH 3 , R 27 =CH 2 CH 3 , Z= adamantane ring) 
[3-8] 1-hydroxy-2 meth)acry!oyloxy-2-ethyladamantane (R=H or CH 3> R 27 =CH 2 CH 3 , Z= adamantane ring having 
a hydroxyl group at 1st position) 
15 [3-9] 5-hydroxy-2-(meth)acryloyloxy-2-ethyladamantane (R=H or CH 3 , R 27 =CH 2 CH 3 , Z= adamantane ring having 

a hydroxyl group at 5th position) 

[3-10] 1 .S-dihydroxy^-fmethJacryloyloxy^-ethyladamantane (R=H or CH 3> R 27 =CH 2 CH 3 , Z= adamantane ring 
having hydroxyl groups at 1st and 3rd positions) 

[3-11] 1 ^-dihydroxy^^methjacryloyloxy^-ethyladamantane (R=H or CH 3 , R 27 =CH 2 CH 3> Z= adamantane ring 
20 having hydroxyl groups at 1st and 5th positions) 

[3-12] 1,3-dihydroxy-6-(meth)acryloyloxy-6-ethyladamantane (R=H or CH 3 , R 27 =CH 2 CH 3 , Z= adamantane ring 
having hydroxyl groups at 1st and 3rd positions) 

[0053] Compounds represented by Formula (3a) can be obtained, for example, by reacting a corresponding cyclic 
25 alcohol derivative with a (meth)acrylic acid or a reactive derivative according to a conventional esterification using an 
acid catalyst or a catalyst for transesterification. 

[0054] Typical examples of the compounds represented by the Formula (3b) are, but are not limited to, the following 
compounds: 

30 [3-13] 1-(1-(meth)acryloyloxy-1-methylethyl)adamantane (R=H or CH 3 , R 2 a=R29=CH 3 , Z= adamantane ring) 

[3-14] 1-hydroxy-3-(1-(meth)acryloyloxy-1-methylethyl) adamantane (R=H or CH 3> R 28 =R 29 =CH 2 CH 3 , Z= ada- 
mantane ring having a hydroxyl group at 1st position) 

[3-15] 1-(1 -ethyl-1 -(meth)acryloyloxypropyl)adamantane (R=H or CH 3 , R28=r29 = ch 3 , Z= adamantane ring) 
[3-1 6] 1 -hydroxy-3-(1 -ethyl-1 -(meth)acryloyloxypropyl) adamantane (R=H or CH 3> R 28 =R 29 =CH 2 CH 3> Z= adaman- 
35 tane ring having a hydroxyl group at 1st position) 

[3-1 7] 1 -(1 -(meth)acryloyloxy-l -methylpropyl)adamantane (R=H or CH 3 , R 28 =CH 3> R 29 =CH 2 CH 3 , Z= adamantane 
ring) 

[3-18] 1-hydroxy-3-(1-(meth)acryloyloxy-1-methylpropyl) adamantane (R=H or CH 3 , R 28 =CH 3 , R 29 =CH 2 CH 3 , Z= 
adamantane ring having a hydroxyl group at 1st position) 
40 [3-19] 1-(1-(meth)acryloyloxy-1,2-dimethyipropyl)adamantane (R=H or CH 3 , R 28 =CH 3 , R 29 =CH(CH 3 ) 2 , Z= ada- 

mantane ring) 

[3-20] 1 -hydroxy-3-(1 -(meth)acryloyloxy-l ,2-dimethylpropyl) adamantane (R=H or CH 3 , R 28 =CH 3 , R 29 =CH (CH 3 ) 2 , 
Z= adamantane ring having a hydroxyl group at 1st position) 

[3-21 ] 1 ,3-dihydroxy-5-(1 -(meth)acryloyloxy-l -methylethyl) adamantane (R=H or CH 3 , R 28 =R 29 =CH 3 , Z= adaman- 
ts tane ring having hydroxyl groups at 1st and 3rd positions) 

[3-22] 1-(1 -ethyl-1 -(meth)acryloyloxypropyl)-3,5-dihydroxy adamantane (R=H or CH 3 , R 28 =R 29 =CH 2 CH 3 , Z= ad- 
amantane ring having hydroxyl groups at 3rd and 5th positions) 

[3-23] 1,3-dihydroxy-5-(1-(meth)acryloyloxy-1-methylpropyl) adamantane (R=H or CH 3 , R 28 =CH 3 , R 29 =CH 2 CH 3 , 
Z= adamantane ring having hydroxyl groups at 1st and 3rd positions) 
so [3-24] 1,3-dihydroxy-5-(1-(meth)acryloyloxy-1,2-dimethylpropyl) adamantane (R=H or CH 3 , R 28 =CH 3 , R 29 =CH 

(CH 3 ) 2 , Z= adamantane ring having hydroxy! groups at 1st and 3rd positions) 

[0055] Compounds represented by Formula (3b) can be obtained, for example, by reacting a corresponding methanol 
derivative having an alicyclic group at 1 -position with a (meth)acrylic acid or a reactive derivative according to a con- 
55 ventional esterification using an acid catalyst or a catalyst for transesterification. 

[0056] Typical examples of the compounds represented by the Formula (3c) are, but are not limited to, the following 
compounds: 
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[3-25] 1-t-buLOxycarbonyl-3-(meth)acryloyioxy adamantane (R=H or CH 5: R 30 =l-butoxycarbonyl group, n=1. Z= 
adamantane ring) 

[3-26J 1 : 3-bis(t-butoxycarbonyl)-5-(meth)acryloyloxy adamantane (R=H or CH 3: R 30 =t-butoxycarbonyl group : n=2, 
Z= adamantane ring) 

5 [3-27] 1-t-butoxycarbonyl-3-hydroxy-5-(meth)acryloyloxy adamantane (R=H or CH 3; R 30 =OH ; t-butoxycarbonyl 

group, n=2, Z= adamanlane ring) 

[3-28] 1 -(2-letrahydropyranyloxycarbonyl)-3-(melh)acryloyloxy adamanlane (R=H or CH 3 , R 30 =2-telrahydropyra- 
nyloxycarbonyl group, n=1 , Z= adamantane ring) 

[3-29] 1 ,3-bis(2-tetrahydropyranyloxycarbonyl)-5-(meth)acryloyloxy adamantane (R=H or CH 3: R 30 =2-tetrahydro- 
10 pyranyloxycarbonyl group, n^2, Z^ adamantane ring) 

[3-30] 1-hydroxy-3-(2-tctrahydropyranyloxycarbonyl)-5-(rneth)acryioyloxy adamantane (R=H or CH 3 , R 30 =OH, 
2-tetrahydropyranyloxycarbonyl group, n=2, Z= adamantane ring) 

[0057] Compounds represented by Formula (3c) can be obtained; for example, by reacting a corresponding cyclic 
15 alcohol derivative with a (meth)acrylic acid or a reactive derivative thereof according to a conventional esterification 
method using an acid catalyst or a catalyst for transesterification. 

[0058] To obtain polymeric compound for photoresist of the present invention, polymerization of monomer mixture 
can be performed according to an ordinary procedure used in production of acrylic polymers, such as solution polym- 
erization, bulk polymerization, suspension polymerization, bulk-suspension polymerization and emulsion polymeriza- 

20 tion, particularly, solution polymerization is suitable. In addition, dropping polymerization is preferred in solution polym- 
erizations. Specifically, dropping polymerization is, for example, performed by (i) a process comprising the steps of 
preparing a monomer solution by dissolving monomers in an organic solvent and a polymerization initiator solution by 
dissolving in an organic solvent in advance, respectively, and dropping the monomer solution and the polymerization 
initiator solution into an organic solvent kept at a constant temperature, respectively, (ii) a process comprising the step 

25 of dissolving monomers and a polymerization initiator in an organic solvent, and dropping the obtained mixed solution 
into an organic solvent kept at a constant temperature, (iii) a process comprising the step of preparing by dissolving 
monomers in an organic solvent and a polymerization initiator solution by dissolving in an organic solvent in advance, 
respectively, and dropping the polymerization initiator solution into the monomer solution kept at a constant tempera- 
ture. 

30 [0059] As a polymerization solvent, a known solvent can be used and there may be mentioned, for example, ethers 
(chain ethers such as diethyl ether and glycol ethers including propyleneglycol monomethylether, cyclic ethers such 
as tetrahydrofuran and dioxane, and others), esters (methyl acetate, ethyl acetate, butyl acetate, ethyl lactate, glycol 
ether esters including propyleneglycol monomethylether acetate : and others), ketones (acetone, methylethylketone, 
methylisobutylketone, cyclohexanone and others), amides (N : N-dimethylacetoamide, N,N-dimethylformamide and oth- 

35 ers), sulfoxides (dimethylsulfoxide and others), alcohols (methanol, ethanol, propanol and others), hydrocarbons (ar- 
omatic hydrocarbons such as benzene, toluene and xylene, aliphatic hydrocarbons such as hexane, alicyclic hydro- 
carbons such as cyclohexane, and others) and mixed solvents thereof. Further, as a polymerization initiator, a known 
polymerization initiator can be used. A polymerization temperature can appropriately be selected, for example, in a 
range from about 30 to about 150°C. 

40 [0060] The polymer obtained by polymerization can be purified by precipitation or reprecipitation. A solvent for pre- 
cipitation or reprecipitation maybe either an organic solvent or water, and further may be a mixed solvent. As an organic 
solvent used for precipitation or re-precipitation, there may be mentioned, for example, hydrocarbons (aliphatic hydro- 
carbons such as pentane, hexane, heptane and octane; aticyclic hydrocarbons such as cyclohexane and methylcy- 
clohexane; aromatic hydrocarbons such as benzene, toluene and xylene), halogenated hydrocarbons (halogenated 

45 aliphatic hydrocarbons such as methylenechloride, chloroform and carbontetrachloride; halogenated aromatic carbons 
such as chlorobenzene and dichlorobenzene and others), nitro compounds such as nitromethane and nitroethane, 
nitriles such as acetonitrile and benzonitrile, ethers (chain ethers such as diethylether, diisopropylether and dimethox- 
yethane; cyclic ethers such as tetrahydrofuran and dioxane). ketones such as acetone, methylethylketone and di- 
isobutylketone, esters such as ethyl acetate and butyl acetate, carbonates such as dimethyl carbonate, diethyl car- 

50 bonate, ethylene carbonate and propylene carbonate, alcohols such as methanol, ethanol, propanol, isopropylalcohol 
and butanol, carboxylic acids such as acetic acid, and mixed solvents containing these solvents. 
[0061] Among them, solvents containing at least hydrocarbons, particularly aliphatic hydrocarbons such as hexane, 
are preferred, when used as a precipitation or pre-precipitation solvent. As to such solvents containing at least hydro- 
carbons, the ratio of hydrocarbons (e.g., aliphatic hydrocarbons such as hexane) to another solvents is, for example, 

55 the former / the latter (ratio by volume; 25°C) = from about 1 0/90 to about 99/1 , preferably the former / the latter (ratio 
by volume; 25°C) = from about 30/70 to about 98/2, more preferably the former / the latter (ratio by volume; 25°C) = 
from about 50/50 to about 97/3. 

[0062] The resin composition for photoresist of the present invention comprises the said polymeric compound for 
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photoresist of the present invention and a photosensitive acid generator. 

[0063] Such photosensitive acid generator include conventional or known, compounds that efficiently generate an 
acid upon irradiation with light. Such compounds include, for example, diazonium salts, iodonium salts (e.g., diphenyl- 
iodonium hexafluorophosphate), sulfonium salts (e.g., triphenylsulfonium hexafluoroantimonate, triphenylsulfonium 

5 hexafluorophosphate, and triphenylsulfonium methanesulfonate), sulfonic acid esters [e.g., 1-phenyl-1-(4-methylphe- 
nyl)sulfonyloxy-1 -benzoylmethane, 1 ,2,3-trisulfonyloxymethyJbenzene, 1 ,3-dinitro-2-(4-phenylsulfonyloxymethyl)ben- 
zene, and 1 -phenyl-1-(4-methylphenylsulfonyloxymethyl)-1-hydroxy-1 -benzoylmethane], oxathiazol derivatives, s-tri- 
azine derivatives, disulfone derivatives (e.g., diphenyldisulfone), imide compounds, oxime sulfonates, diazonaphtho- 
quinone, and benzoin tosylate. Each of these photosensitive acid generators can be used alone or in combination. 

10 [0064] The amount of the photosensitive acid generator can appropriately be selected depending on the strength of . 
the acid generated by light irradiation, the proportions of the individual monomer units (a repeating unit) in the polymeric 
compounds and other factors and is, for example, from about 0.1 to about 30 parts by weight, preferably from about 
1 to about 25 parts by weight, and more preferably from about 2 to about 20 parts by weight, relative to 1 00 parts by 
weight of the polymeric compound. 

15 [0065] The photoresist resin composition may comprise alkali-soluble resins (e.g., novolak resins, phenol resins, 
imide resins, carboxyl-group-containing resins), and other alkali-soluble components, coloring agents (e.g., dyestuffs), 
and organic solvents (e.g., hydrocarbons, halogenated hydrocarbons, alcohols, esters, amides, ketones, ethers, Cel- 
losolves, Carbitols, glycoletheresters, and mixtures of these solvents. 

[0066] The photoresist resin composition is applied to a base or a substrate, is dried, and the resulting film (resist 
20 film) is exposed to light through a predetermined mask (or is further subjected to post-exposure baking) to form a latent 
image pattern, and the film is then developed to yield a fine pattern with a high degree of precision. 
[0067] As a base or substrate, there may be mentioned silicon wafers, metals, plastics, glass, and ceramics. The 
photoresist resin composition can be applied using a conventional application means such as a spin-coater, a dip- 
coater, and a roller-coater. The applied film has a thickness of, for example, from about 0.1 to about 20 u,m, preferably 
25 from about 0.3 to about 2 |im. 

[0068] In exposure, light rays with different wavelengths such as ultraviolet rays and X-ray can be used. For example, 
g-line, i-line, excima-laser (e.g., XeCI, KrF, KrCI, ArF, or ArCI excimer laser) are usually used for semiconductor resist. 
An exposure energy is, for example, from about 1 to about 1000 mJ/cm 2 , and preferably from about 10 to about 500 
mJ/cm 2 . 

30 [0069] By exposure, an acid is generated from the photosensitive acid generator, and the acid allows, for example, 
the protecting group (leaving group) of a carboxyl group of a monomer unit having an acid-eliminating group (an alkali- 
soluble unit) of the polymeric compound to leave promptly and thereby yields a carboxyl group that contributes to 
solubilization. Therefore, by developing by water or an alkali-developer, a predetermined pattern can be formed with 
a high degree of precision. 

35 

Examples 

[0070] The present invention will now be described in more detail with reference to examples below and the present 
invention is not limited at all according to the examples. In addition, a compound indicated by "acrylate" subsequent 

40 to a compound number (a monomer-number) means a compound having an acryloyloxy group of two compounds 
corresponding to the compound number described in the description, and a compound indicated by "methacrylate" 
subsequent to a compound number means indicates a compound having an meth acryloyloxy group of the two com- 
pounds corresponding to the compound number. A number at the lower right of parentheses in the formulae indicates 
% by mole of a charged monomer corresponding to the monomer unit (repeating unit). A weight average molecular 

45 weight (Mw) and a molecular weight distribution (Mw/Mn) are calculated in terms of a standard polystyrene by a GPC 
measurement using a refractometer (Rl) as a detector and using tetrahydrofuran (THF) as an eluent. The GPC meas- 
urement is performed with the column connecting three columns "KF-806L" (trade name) manufactured by SHOUWA 
DENKOH Inc. in series under conditions of 40°C of column temperature, 40°C of Rl temperature and 0.8 ml/min of 
flow rate of eluent. 

50 
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Example 1 

Synthesis of Resin Having the Following Structure 
5 [0071] 



10 



15 




[0072] In a round-bottom flask equipped with a reflux condenser, a stirring bar and a three-way stopcock, 20 g of 
propyleneglycol monomethylether acetate (PGMEA) was placed in a nitrogen atmosphere, while maintaining the tem- 
perature at 75°C with stiring, and 18.41 g (82.9 mmole) of 5-methacryloyloxy-2,6-norbornanecarbolactone [compound 

25 number [2-6] (methacrylate)], 4. 44 g (20.7 mmole) of isosorbide methacrylate [a mixture of a compound number [1 -1 ] 
(methacrylate) and a compound number [1 -2] (methacrylate)], 27.1 6 g (1 03.6 mmole) of 1 -(1 -methacryloyloxy-1 -meth- 
ylethyl)adamantane [compound number [3-13] (methacrylate)], 6.0 g of dimethyl-2,2'-azobisisobutylate (initiator, "V- 
601" manufactured by WAKO JUNYAKU INDUSTRY) and 180 g of PGMEA were mixed and the obtained monomer 
solution was dropped at constant rate over 6 hours while stirring. After completion of dropping, the resulting mixture 

30 was stirred for more 2 hours. After the completion of the polymerization, the polymer was purified by following proce- 
dures. The resulting reaction solution is subjected to filtration through a filter of 0.1 ujn pore diameter, and subsequently, 
the filtrate was dropped into a mixed solution of 3410 g of hexane and 280 g of ethyl acetate while stirring. The formed 
precipitation was separated by filtration. The recovered precipitation was dried under reduced pressure, was dissolved 
in 200 g of THF (tetrahydrofuran). The precipitating and purification procedure using the mixed solution of hexane and 

35 ethyl acetate as described above was repeated to yield 45.5 g of the desired resin. The recovered polymer was sub- 
jected to GPC analysis to find that the polymer has a weight-average molecular weight (Mw) of 9400 and a molecular 
weight distribution (Mw/Mn) of 2.37. 

Example 2 

40 

Synthesis of Resin Having the Following Structure 



[0073] 

45 
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[0074] The procedure of Example 1 was repeated, except for using monomer components of 1 9.54 g (88.0 mmole) 
of 5-methacryloyloxy-2,6-noilDomanecarbolactone [compound number [2-6] (met h aery late)], 4.71 g (22.0 mmole) of 
isosorbide methacrylate [mixture of a compound number [1-1] (methacrylate) and a compound number [1-2] (meth- 
acrylate)], 25.75 g (1 1 0.0 mmole) of 2-methacryloyloxy-2-methyladamantane [compound number [3-1 ] (methacrylate)], 
and then 44.7 g of the desired resin was obtained.. The recovered polymer was subjected to GPC analysis to find that 
the polymer has a weight-average molecular weight (Mw) of 1 01 00 and a molecular weight distribution (Mw/Mn) of 2.53. 

Example 3 

Synthesis of Resin Having the Following Structure 
[0075] 




[0076] The procedure of Example 1 was repeated, except for using monomer components of 1 8.31 g (88.0 mmole) 
of 5-acryloyloxy-2,6-norbomanecarbolactone [compound number [2-6] (acrylate)], 4.40 g (22.0 mmole) of isosorbide 
acrylate [mixture of a compound number [1-1] (acrylate) and a compound number [1-2] (acrylate)], 27.29 g (110.0 
mmole) of 1 -(1-acryloyloxy-1-methylethyl)adamantane [compound number [3-13] (acrylate)] and then 43.8 g of the 
desired resin was obtained.. The recovered polymer was subjected to GPC analysis to find that the polymer has a 
weight-average molecular weight (Mw) of 8700 and a molecular weight distribution (Mw/Mn) of 2.35. 

Comparative Example 1 

Synthesis of Resin Having the Following Structure 
[0077] 




[0078] In a round-bottom flask equipped with a reflux condenser, a stirring bar and a three-way stopcock, 20 g of 
propyleneglycol monomethylether acetate (PGMEA) was placed in a nitrogen atmosphere, while maintaining the tem- 
perature at 75°C with stiring, and 22.93 g (1 03.3 mmole) of 5-methacryloyloxy-2,6-norbornanecarbolactone [compound 
number [2-6] (methacrylate)], 27.07 g (103.3 mmole) of 1-(1-methacryloyloxy-1-methylethyl)adamantane [compound 



EP 1 5S4 634 A1 



number [3-1 3] (methacrylate)] : 6.0 g of dimeihyi-2.2'-azobis!SObutylale (initiator. "V-601" manufactured by WAKO JUN- 
YAKU INDUSTRY) and 180 g of PGMEA were mixed and the obtained monomer solution was dropped at constant 
rate over 6 hours while stirring. When dropping, the polymer solution becomes clouded to precipitate the polymer. 
Thus : the polymer which is soluble in PGMEA cannot be obtained. 

5 

Comparative Example 2 

Synthesis of Resin Having the Following Structure 
10 [0079] 



15 



20 




25 

[0080] The procedure of Comparative Example 1 was repeated, except for using monomer components of 24.34 g 
(109.6 mmole) of 5-methacryloyloxy-2,6-norbornanecarbolactone [compound number [2-6] (meth aery late)] and 25.66 
g (109.6 mmole) of 2-methacryloyloxy-2-methy!adamantane [compound number [3-1] (methacrylate)] and 180 g of 
PGMEA were mixed and the obtained monomer solution was dropped at constant rate over 6 hours while stirring. 
30 When dropping, the polymer solution becomes clouded to precipitate the polymer. Thus, the polymer, which is soluble 
in PGMEA cannot be obtained. 

Comparative Example 3 

35 Synthesis of Resin Having the Following Structure 

[0081 ] 



40 




[0082] The procedure of Comparative Example 1 was repeated, except for using monomer components of 22.81 g 
(109.6 mmole) of 5-methacryloyloxy-2,6-norbornanecarbolactone [compound number [2-6] (acrylate)] and 27.19 g 
55 (109.6 mmole) of 1-(1-acryloyloxy-1 -methylethyl)adamantane [compound number [3-13] (acrylate)] and 180 g of PG- 
MEA were mixed and the obtained monomer solution was dropped at constant rate over 6 hours while stirring. When 
dropping, the polymer solution becomes clouded to precipitate the polymer. Thus : the polymer, which is soluble in 
PGMEA cannot be obtained. 
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Evaluation Test 

[0083] A total of 1 00 parts by weight of each of the polymers obtained in the above Examples, 1 0 parts by weight of 
triphenylsulfoniumhexafluoroantimonate, and a PGM E A were mixed to thereby prepare a photoresist resin composition 

5 having a polymer concentration of 1 7% by weight. This photoresist resin composition was applied onto a silicon wafer 
by spin coating to form a photosensitive layer 1 .0 \im thick. The photosensitive layer was subjected to prebaking on a 
hot plate at a temperature of 1 00°C for 150 seconds, and was exposed to light through a mask using KrF excimer laser 
247 nm in wavelength at an irradiance of 30 mJ/cm 2 . The exposed layer was then subjected to post-exposure baking 
at a temperature of 100°C for 60 seconds; was subjected to development in a 0.3 M aqueous tetramethylammonium 

10 hydroxide solution for 60 seconds; and was rinsed with pure water to yield a pattern with a 0.20 ujn line and space in 
any case. 

Production Example 1 

15 [Production of isosorbide methacrylate and isosorbide acrylate] 

[0084] While a mixture of 146 g of isosorbide (manufactured by TOKYO KASEI INDUSTRY Inc.), 100 g of pyridine 
and 1 .5 L of tetrahydrofuran was stirred at room temperature in a nitrogen atmosphere, 83 g of methacrylchloride was 
dropped thereto over one hour. After stirred for 3 hours at room temperature, 300 g of water was added to the reaction 

20 mixture and the organic layer was concentrated under reduced pressure. By subjecting the concentrate was subjected 
to column chromatography on a silica gel to thereby yield 24 g of 1 ,4:3, 6-dianhydro-D-glycidole 2-methcrylate repre- 
sented by the following Formula (A) and 11 g of 1,4:3,6-dianhydro-D-glycidole 5-methcrylate represented by the fol- 
lowing Formula (B). In the Example 1 and 2, a mixture of them was used as a raw material of monomer. 
[0085] Further, by using acrylchloride instead of methacrylchloride, isosorbide acrylate was produced by the same 

25 procedure as described above and the product was used as a raw material of monomer of Example 3. 



35 



30 




(A) 



(B) 



40 



[Spectral Data of 1 . 4 : 3, 6-dianhydro-D-glycidole 2-methcrytate (A)] 



[0086] 



45 



1 H-NMR (CDCI 3 ) 5; 1 .95 (s, 3H), 2.69 (brs, 1 H), 3.58 (dd, 1 H), 3.91 (dd, 1 H), 4.07 (s, 2H), 4.32 (brs, 1 H), 4.53 (d, 
1H), 4.65 (t, 1H), 5.28 (s, 1H), 5.62 (t, 1H), 6.12 (s, 1H) 

13 C-NMR (CDCI3) 5; 18.1, 72.3, 73.5, 73.6, 78.7, 82.1, 85.7, 126.5, 135.6, 166.3 
MSrrVe215(M4-H) 



so [Spectral Data of 1 . 4 : 3, 6-dianhydro-D-glycidole 5-methcrylate (B)] 



[0087] 



55 



1 H-NMR (CDCI3) 5; 1.96 (s, 3H), 2.67 (brs, 1H), 3.08-3.93 (m, 4H), 4.32 (d, 1H), 4.40 (d, 1H), 4.89 (t, 1H), 5.20 
(q, 1H),5.62 (s, 1H),6.15 (s, 1H) 

13 C-NMR (CDCI3) 5; 18.2, 70.8, 74.3, 75.3, 75.5, 81.0, 88.5, 126.3, 135.7, 166.9 
MSm/e215 (M+H) 
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[Spectral Data of isosorbide aery late] 



[00S8] 



MS m/e 201 (M+H) 
Industrial Applicability 

[0089] When a photoresist resin composition containing a polymeric compound for photoresist of the present inven- 
tion is used for production of a semiconductor, a fine pattern can be accurately formed. 



1 . A polymeric compound for photoresist, comprising a monomer unit having 2, 6-dioxabicyclo [3.3.0] octane skeleton 
in the structure. 

2. The polymeric compound for photoresist according to claim 1 , wherein the monomer unit having 2, 6-dioxabicyclo 
[3.3.0]octane skeleton is a monomer unit represented by the following Formula (I): 



wherein R is a hydrogen atom or a methyl group. 

3. The polymeric compound for photoresist according to claim 1 , comprising a monomer unit having 2, 6-dioxabicyclo 
[3. 3. 0] octane skeleton, a monomer unit having a group of adhesion to substrate, and a monomer unit having an 
acid-eliminating group. 

4. The polymeric compound for photoresist according to claim 1 , comprising (A) a monomer unit having 2,6-dioxabi- 
cyclo[3.3.0]octane skeleton, (B) a monomer unit corresponding to a (meth)acrylic acid ester wherein an alicyclic 
hydrocarbon group having 6 to 20 carbon atoms including a lactone ring is combined with an oxygen atom con- 
stituting the ester, and (C) a monomer unit corresponding to a (meth) acrylic acid ester having an alicyclic hydro- 
carbon group having 6 to 20 carbon atoms and a group which can leave by action of an acid. 

5. The polymeric compound for photoresist according to claim 1 , comprising (A)a monomer unit having 2,6-dioxabi- 
cyclo[3.3.0]octane skeleton, (B1) at least one monomer unit selected from monomer units represented by the 
following Formulae (Ha) through (lie): 



Claims 




(i) 
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R 
I 



-f CH 2 -C4- 
C=0 



25 




0 

(He) 

30 

wherein R is a hydrogen atom or a methyl group; R 1 , R 2 and R 3 are identical to or different from and are each a 
hydrogen atom, an alky! group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl 
group which may be protected by a protecting group or a carboxyl group which may be protected by a protecting 

35 group, and each of V 1 , V 2 and V 3 are identical to or different from and are each -CH 2 -, -CO- or -COO-, where at 

least one of V 1 , V 2 and V 3 is -COO-; R 4 , R 5 , R 6 , R 7 and R 8 are identical to or different from and are each a hydrogen 
atom, an alkyl group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which 
may be protected by a protecting group or a carboxyl group which may be protected by a protecting group; each 
of R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 and R 17 are identical to or different from and are each a hydrogen atom, 

40 an alkyl group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which may 

be protected by a protecting group or a carboxyl group which may be protected by a protecting group; each of R 18 , 
R 19 , R 20 , R 21 , R 22 , R 23 , R 29 , R 25 and R 26 are identical to or different from and are each a hydrogen atom, an alkyl 
group, a hydroxyl group which may be protected by a protecting group, a hydroxyalkyl group which may be pro- 
tected by a protecting group or a carboxyl group which may be protected by a protecting group, and (C1) at least 

45 one monomer unit selected from among a monomer unit represented by the following Formulae (Ilia) through (II Ic): 
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10 



15 



45 






(Ilia) (Illb) (IIIc) 



wherein a ring Z is an aiicyclic hydrocarbon ring of 6 to 20 carbon atoms; R is a hydrogen atom or a methyl group; 
each of R 27 : R 28 and R 29 are identical to or different from and are each an alky! group of 1 to 6 carbon atoms; R 30 
which is a group bound to the ring Z is identical to or different from an oxo group, an alky! group, a hydroxyl group 
20 which may be protected by a protecting group, a hydroxyalkyl group which may be protected by a protecting group 

or a carboxyl group which may be protected by a protecting group where least one of nR 30 s is a group of -COOR a , 
wherein the R a is a tertiary hydrocarbon group which may have a substituent, a tetrahydrof uranyl group, a tetrahy- 
dropyranyl group or an oxepanyl group; n denotes an integer of 1 to 3. 

25 6. A resin composition for photoresist, comprising at least the polymeric compound for photoresist according to any 
one of claims 1 to 5, and a photosensitive acid generator. 

7. A process for fabricating a semiconductor, the process comprising the steps of applying the resin composition for 
photoresist according to claim 6 to a base or a substrate to form a resist film, exposing, developing and thereby 
30 patterning the resist film. 
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